Baghdad city has experienced a rapid urban expansion over the last decades due to accelerated economic growth. This paper reports an investigation into the application of the integration of remote sensing and geographic information systems (GIS) for detecting urban built up growth for the period 1961-2002, and evaluate its impact on surface temperature in Baghdad city.
Introduction
Land covers, as the biophysical state of the earth s surface and immediate subsurface, are sources for most of the material and energy movements and interactions between the geosphere and biosphere. Changes in land cover include changes in biotic diversity, actual and potential primary productivity, soil quality, runoff, and sedimentation rates (Steven et al. 1992) , and cannot be well understood without the knowledge of land use change that drives them. Therefore, land use and land cover changes have environmental implications at local and regional levels, and perhaps are linked to the global environmental process. Because of the interrelated nature of the elements of the natural environment, the direct effects on one element may cause indirect effects on others. Urbanization, the conversion of other types of land to uses associated with growth of populations and economy, is a main type of land use and land cover change in human history. It has a great impact on climate. By covering with buildings, roads and other impervious surfaces, urban areas generally have higher solar radiation absorption, and a greater thermal capacity and conductivity, so that heat is stored during the day and released by night. Therefore, urban areas tend to experience a relatively higher temperature compared with the surrounding rural areas. This thermal difference, in conjunction with waste heat released from urban houses, transportation and industry, contribute to the development of urban heat island (UHI). The temperature difference between the urban and the rural areas are usually modest, averaging less than 1 C, but occasionally rising to several degrees with special urban, topographical and meteorological conditions (Mather, 1986) .
The development of social environmental from the agricultural society to the industrial one has caused the changes of topography and weather and landscape of urban areas. These changes of weather are analyzed the correlation of the ground weather observatory with land use data.
In Baghdad, land use and land cover patterns have undergone a fundamental change due to accelerated expansion since 1958. Urban growth has been speeded up, and extreme stress to the environment has occurred. This is particularly true in the city where massive agricultural land is disappearing each year, converting to urban or related uses. Evaluating the magnitude and pattern of all Iraq's urban growth is an urgent need. Furthermore, because of the lack of appropriate land use planning and the measures for sustainable development, random urban growth has been creating severe environmental consequences. Thus, there also is a need to assess the environmental impact of the rapid urban expansion.
The integration of remote sensing and geographic information systems (GIS) has been widely applied and been recognized as a powerful and effective tool in detecting urban land use and land cover change (Ehlers et al., 1990; Treitz et al., 1992; Harris and Ventura, 1995) . Satellite remote sensing collects multispectral, multiresolution and multitemporal data, and turns them into information valuable for understanding and monitoring urban land processes and for building urban land cover datasets. GIS technology provides a flexible environment for entering, analyzing and displaying digital data from various sources necessary for urban feature identification, change detection and database development. However, few of the urban growth studies have linked to post-change detection environmental impact analysis. The question of how to develop an operational procedure using the existing techniques of remote sensing and GIS for examining environmental impacts of rapid urban growth remains to be answered. 
Study Area
Baghdad is the capital and the biggest city of Iraq. Baghdad history starts during the Islamic era. The city was founded first on the west side of Tigris River in the year 762 A.D by caliph Al-Mansour, it was known as the round city. The new developments in Baghdad began in 1915 when Rashid Street was built through Rusafa side, which became the center of Baghdad at that time. Shortly after that new business streets (like Al-Kifah, Al-Sheik Omar in 1936 and Al-Khulafa in 1954) were constructed in the center of Baghdad. These streets shaped the city center pattern which we know now.
After 1927 many residential quarters founded for both side of Baghdad, new low income communities founded since 1957 for new migrants from central and southern part of Iraq. The constructions of dams as a flood protection gave unlimited aerial expansion for city population and changed the boundary of the city. The size of city was not large enough to cope with the increased population and their activities. Forty years later the city expanded to the Rusafa side. The extension was generally towards the north and to the south. The greater factor that limited the shape of the city growth was the dangerous flood of Tigris River, and several dikes have been built to protect the city.
Baghdad city population growth was reported through successive census during last 60 years; it was notice that the percentage of Baghdad population to that of total Iraq population was increasing continuously (from 10% in 1947 to more than 25% now). The population density of Baghdad city react to 5233 prs/km 2 and it is between 6-190 prs/km 2 for other Iraqi cities. Baghdad is located in the central parts of Iraq on the both sides of Tigris River. Diala River forms the eastern boundary of the city. Within the city there are manned canals and pounds. Baghdad is suited in a plain area of an elevation between 31-39 m above sea level. So, no natural boundaries exists that limits the aerial extension of the city.
The climate of Baghdad region (which is part of the a plain area at the central of Iraq and has same climatic characteristics) may be defined as a semi arid, subtropical and continental, dry, hot and long summer cool winters and short springs. The sun is the main temperature source. It affects the climatic of city according to the time length of exposure and seasonal variations. The daily average of sunshine duration is 9.6 hours and daily in coming radiation is 4708 mw cm -2 . The total average annual sunny hour during one complete year is about 3500 hours. 
Urban Expansion of Baghdad City
Baghdad city have suffered a rapid urban and radium expansion over the last 60 years due to accelerated economic growth and other factors. Urbanization has great impact on climate and the environmental of the region.
Urban expansion detection of Baghdad city for the period 1961-2002 was conducted using high resolution IKONOS satellite image (1 m resolution) acquired in 2002 (Fig. (2) ), and thematic map (Bus Map) dated 1961 ( Fig.(3) ). Fig.(4) shows the process followed in this part of the work. Satellite image was already geometrically corrected and registered using following parameter: Datum = WGS84, Spheroid = WGS84, projection = UTM and Zone = 38. The output geometric corrected image (photomap) is used later for spatial analysis.
Twelve Ground Control Points (GPCPs) distributed through out the satellite image had selected. Then linear transformation was applied to transform map coordinates the georeferenced image coordinates. The root mean square error (RMS error ) was equal to 0.25 pixels. Then, resampling operation for registered map was conducted by nearest neighbor method. ERDAS 8.4 well known image processing software is used for the operation of registration process.
Raster overlay process (spatial analysis) as is applied as urban expansion detection method for Baghdad city at the period 1961-2002 by using ARC VIEW 3.3. From this figure we noticed that there was randomly growth (expansion) in all direction of the city. The major expansion was in south and west of the city. Diala River in the south east of Baghdad limited the expansion in that direction, it works as natural boundary for the city. 
Impact of Urban Expansion on Surface Temperature
Lansat7 ETM+ image and digital maps were used in order to effectively identify the spatial distribution characteristics of land cover/land use classes and surface temperature for the city of Baghdad. Landsat 7 ETM+ scenes dated 6/9/2002 of Baghdad was analyzed with respect to surface temperature. The work of this research carried out as following process in Fig.(8) : Histogram adjustment have used for minimizing atmospheric effect. This simple method is based primarily on the fact that infrared data are largely free of atmospheric scattering effects, whereas the visible regions are strongly influenced by them. Normally the data collected in visible wavelengths have higher minimum value due to the increased atmosphere scattering taking place in these wavelengths. So if the histogram is shifted to the left so that the effect of atmospheric scattering will be somewhat minimized. This simple algorithm models the first order effect of atmospheric scattering or haze.
Land cover classification for urban expansion:
By using ENVI software, the image was radiometrically corrected and enhanced using relative correction and enhancement method (histogram adjustment), to increase the volume of visible information. Unsupervised classification by K-mean method was firstly used to have an idea about spectral pattern of the area. Land use/cover pattern were mapped by supervised classification of landsat7 ETM+ data. After selecting training areas, a supervised classification with the maximum likelihood algorithm was conducted to classify the Landsat images using bands 2 (green), 3 (red) and 4 (near-infrared). The study area was classified to eight land use and land cover classes.
The accuracy of the classification was verified by field checking or comparing with existing land use and cover maps that have been field-checked. Then the results were used as basic data for the analysis of the surface temperature by land cover/use pattern. Clearly, the used landsat data have reasonably high accuracy, and thus are sufficient for urban growth detection. Table ( 3) shows the land use and land cover classification results. From this table, it is clear that there has been a considerable increasing in built up area than other classes.
Residential, commercial and industrial areas occupied major of study area which about 62% of total area, while only 38% of total area for other land cover pattern (water, orchards, barren land and open areas).
Urban development usually gives rise to a dramatic change of the Earth s surface, as natural vegetation is removed and replaced by non-evaporating and non-transpiring surfaces such as metal, asphalt and concrete. This alteration will inevitably result in the redistribution of incoming solar radiation, and induce the urban rural contrast in surface radiance and air temperature. The difference in ambient air temperature between an urban and its surrounding rural area is known as the effect of UHI. Given the relationship between surface radiant temperature and the texture of land cover, the impact of urban development on surface temperature can be assessed. Studies on surface temperature characteristics of urban areas using satellite remote sensing data have been conducted primarily using NOAA AVHRR data (Balling and Brazell 1988, Roth et al. 1989 , Gallo et al. 1993a ). The spatial resolution of NOAA (1.1KM) data is found suitable only for small-scale urban temperature mapping. The much higher resolution (120 m) Landsat TM thermal infrared data were seldom used to derive surface temperature. Recently, Carnahan and Larson (1990) have used the TM thermal infrared data to observe the temperature differences between urban and rural areas.
Thermal signatures of land cover types:
In order to understand the impacts of land use/cover change on surface radiant temperature, the characteristics of the thermal signatures of each land cover type must be studied first. For the surface temperature estimation, the radiation emitted from the target on the surface is measured by using thermal infrared region (10.4-12.5 µm) of landsat 7 ETM+ image. Surface temperature of wide areas can be extracted under assumption that satellite sensor should have proximity to the black body. In this study we estimated the surface temperature using NASA model. It is clear that, urban or built-up land exhibits the highest surface radiant temperature followed by barren land. This implies that urban development does bring up surface radiant temperature by replacing natural vegetation with non-evaporating, nontranspiring surfaces such as stone, metal and concrete. The lowest radiant temperature is found in water bodies, followed by orchards. This different pattern is primarily attributed to the differences in solar illumination, the state of vegetation, and atmospheric influences on the remotely sensed TM data set. The difference in data acquisition season is clearly reflected in the surface radiant temperatures of water bodies. The radiant temperature of water bodies is higher than that of orchards in winter, while in summer lower than that of forest.
Orchards show a considerably low radiant temperature because dense vegetation can reduce amount of heat stored in the soil and surface structures through transpiration. The influence of surface soil water content and vegetation contribute to a broad variation in their surface radiant temperature value. Given the relationship between surface radiant temperature and the texture of land cover that is influenced by land use, changes in land use and land cover can have a profound effect on the surface radiant temperature in a region.
Normalized Difference Vegetation Index (NDVI):
Because normalized difference vegetation index (NDVI) has been found to be a good indicator of surface radiant temperature The original NDVI had the values between −1 to +1, but we transformed NDVI values into image of 8 bit (0-255) value. The resultant NDVI image was correlated with the land use/cover change and surface temperature map extracted from landsat image to study how all these changes have interacted.
Fig. (15) : NDVI image for Baghdad city (study area).
The average NDVI value for each land cover patterns then is found and given in Table (6). As shown in the above table orchard area had the highest NDVI value while commercial area had the lowest NDVI because this area is located in the in the center of Baghdad, therefore, there were just a few green spaces. Residential and paved areas also have low value of NDVI due to Urban development which usually gives rise to a dramatic change of the Earth s surface, as natural vegetation is removed and replaced by non-evaporating and non-transpiring surfaces such as metal, asphalt and concrete.
Correlation analysis between Surface
Temperature and NDVI:
It is well known that the NDVI is negative correlated with surface radiant temperature (Lo et al., 1997) . The relationship between surface radiance temperature and NDVI was investigated for each land cover type through correlation analysis. These correlations can be visualized by plotting the corresponding mean surface temperature values for all land cover types with NDVI into scattergrams plot. The strong negative correlation (0 . 879) between surface radiance temperature and NDVI implies that the higher biomass a land cover has, the lower the surface temperature. Because of this relationship between surface radiance temperature and NDVI, changes in land use/cover have an indirect impact on surface temperatures through NDVI.
Conclusions
An integrated approach of remote sensing and GIS was applied for evaluation of rapid urban expansion of Baghdad city for the period surface temperature in terms of land-cover classification patterns, the commercial and the dense residential area were verified to form the high surface temperature distributions with lowest vegetation cover ratio. The negative correlation more than 85% was identified by the results from correlation analysis of the extracted surface temperature from landsat image with NDVI. 4-The results showed that urban land development raised surface temperature. The spatial pattern of surface temperature distribution was correlated with the pattern of urban expansion. The direct effect of urban land use/cover change on one environmental element can cause indirect effect on the other. The increase of surface radiant temperature was related to the decrease of biomass. 5-The methodology employed in this study provides an alternative to the traditional empirical observation and analysis using in situ data for environmental studies. This methodology should be possible to apply to other regions that undergo a rapid urbanization. 6-The computed surface radiant temperatures by this method may be higher than as they were, since the effects of surface roughness on surface temperature have not been taken into account. Effective measurement of surface temperatures requests to analyze the significance of the nature of surface and its roughness on emissivities.
7-The statistical analysis of thermal information and vegetation indices confirms that each of them contains independent information which should be used for the analysis of urban environment. The change of surface temperature during the year is dependent on surface cover and NDVI which is shown in this work. The emissivity of different land use cover is therefore dependent on NDVI, and because of this, of the vegetation. 8-The integration of remote sensing and GIS was found to be effective in monitoring and analyzing urban growth patterns and in evaluating urbanization impact on surface temperature. The digital image classification coupled with GIS has demonstrated its ability to provide comprehensive information on the nature, rate and location of urban land expansion. Biophysical measurements including surface radiant temperature and biomass can be extracted from Landsat TM images.
